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APPLICATIONS

Fig. 6 Orbiter Docking to HOST /Flexible Tunnel
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APPLICATIONS

Fig. 8 HOST Station Operations
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Flexible Tunnel Material Selection
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Flexible Tunnel Material Selection
1. Introduction

If a HOST application is chosen that requires a tunnel it would be an
inflatable structure. The candidate material or materials for the
construction of the tunnel will not only have to meet the strength
requireménts but also the requirements associated with crew safety
and ground and space environment effects.

Two applications of flexible materials in orbiter applications are
the astronaut’s space suit and the Spacelab transfer tunnel flexible
sections. The flexible sections of the tunnel consisted of two plies
of fabric, steel beads and fillet. The fabric consists of Nomex
unidirectional cloth coated with Viton B-50 elastomer with each ply
biased at * 15 degrees to the flex element centerline. Overall
thickness of the composite is approximately 0.11 inches with the
individual thickness of the Nomex being approximately 0.025 inches.
Each ply of Nomex is coated on each side with approximately 10 mils
of Viton. A ten mil thickness of Viton is added to the inner and
outer surfaces during the layup. The bead itself was made from 51
continuous wraps of 0.037 diameter steel wire which tested to an
ultimate strength of over 15,000 pounds. The debris shield used to
protect the flexible element from falling debris is constructed of a
stretch-type cloth of Kevlar 29 sewn at each side to preformed and
precoated Nomex tapes which are fastened to the inner rings by clamp
bars. Viton B-50 elastomer and Nomex cloth were chosen because of the
long life and off-gassing, flammability requirements.

Goodyear Aerospace Company (GAC) conducted a search for exisiting
materials for space applications through an industry survey and
literature review. A material selection criteria, consisting of the
following, was applied to the candidate materials.

a. Crew safety associated with avoidance of flamm-
ability and toxic hazards.

b. Ability to withstand ground environment
effects, including humidity, temperature
extremes and fungus.

c. Compatibility with the space environment, con-
sidering mechanical properties, thermal con-
ductivity, gas tightness, micrometeoroid pro-
duction, and packageability.

d.. Mass properties efficiency.
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2. GAC Material Selection Conclusions

The GAC study regarding nonflammability outgassing, oxygen
permeability and temperature effects yielded the following
conclusions:

a.

No available plastic films, flexible

adhesives or thin gage elastomers were found that -
could meet Category A upward flame propagation rate
test requirements in a pure oxygen environment.
However the shirt sleeve environment of the

POWER tunnel may considerably reduce this rate
especially for the slow burn materials. (Table 1)

It is feasible to construct a satisfactory
flame/gas barrier from a combination of
nonflammable materials in a manner to
enable a composite wall system to pass an
upward flame propagation test.

A 3-layer "flame barrier" element consisting of
aluminum foil/Refrasil cloth/aluminum foil
proved to be the best of several investigated.
(Because of the high melting point of the
Refrasil cloth and the heat sink
characteristics of the aluminum foil, the
system affords excellent shielding for

only a small additional weight.)

GAC recommended that NASA adopt a pressurized
diaphragm flammability test (or one similar) to
determine the effects of a sizable fire on the
surface of an inflatable structure wall. (This
test was important in the selection of the XPB-
14A flame/gas barrier design by GAC.)

Low temperature deployment was considered to be
the most critical requirement for any expand-
able space structure. Cold temperature
behavior of the XTC-4 and XTC-6 wall systems
were investigated during the qualification test
phase of the GAC program. Fold tests
demonstrated satisfactory deployment
capabilities for both systems at -5 degrees F
with possible deployment capabilities extending
to a maximum of -43 degrees F.

Maximum and minimum limits of heat transfer
attainable with XTC-4 and XTC-6 wall systems are
expected to provide most ranges anticipated for
future space mission structural design
requirements.
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TABLE 1 SUMMARY OF QUALIFICATION TESTS PERFORMED ON SUBCOMPOSITE
AND TOTAL COMPOSITE FINAL CANDIDATES

Component

Test

Flame/Gas
Barrier,
XP8-14A

Structural
Layer,
XSt-3

Micromet-

eoroid
Barrier
XMB-4

Outer
Cover,
X0cC-2

Total Wall Compoaits

XTC-4 XTC-§

Super-insu-
lation
Blanket

1. Fiammability 100%
Ozygen at 62 paia

o Upward flame
Propagation
Tomt

b. GAC Disphragm
Flammabiiity
Tomt

2. Packsgeabiity

a Eisstie
Recovery; 75%
oompr ession
for 30 days &t
180 deg. F

b. EHeoot of Tem-
parsture on do~
pioyment foroe;
«100 to 75 dog.

F

e. Single fold test;
ablity te un-
foid aftar 7 days
ot 160 dog. F

d. EHect of re-
peated creasing

on gas mper-
mesbiity

3. Mioremeteoreld

impact NASA-MSC.

LAC Test

4. ThermalVeoupm Ex-
posure; $x10 Hg,
48 hours st 180 deg.

F

8. Eitiuent Gas Anel
ysis

a Oder

b. CO

. Tetal Orgenies
6. Ply Adhesion

7. EHeot of Thermal
Shook; -220 deg.
Fto 280 dey. F

6. Stress-Strain Prop-
ortios -100 dog. F
te 250 deg. F

8. Taber Abrasien

10. Teer Resistanse

11,  Puncture Resie-
tanes

12. Humidity Resie-
lance

13. Fungus Resie-
1ance

14. Blosking Resis-
tance

16. Seiar Abserptanse

and intrared Proper-

ties
18, Thermat
Ceneusiivity

M MMM

Single
strand @
76 doy. F

sombined
with fiame
gaa/barrier

X (20 ¢~z¢"| X (20 26"
specimens specimens
iod 10 ilod to

o

2

X (20 ¢°x6°
specimens
lied to

NASA) NASA)

X X

NASA)

toi

@) Super-inmustian idered

very packag

(3) Same materisl os vesd In XTC-8 evaiuated

- no pr

(1) Superdnsumtion blanket Burmne in 100% Ozygen et 6.2 peia - net required te pase Categery A Test

In thie aree




g. A step-by-step fabrication process of XTC-4 and
XTC-6 wall systems was defined in sufficient
detail to produce space structures of "flight
hardware" quality.

h. Inflatable/expandable structure technology is
now available for manned space mission
applications such as space station structures,
airlocks, lunar shelters, and other
applications.

i. Strength-to-weight ratio comparisons of
expandable versus-conventional hard structures
were determined to be nearly equal at the time
of the 1970 study program.

Jj. Comprehensive NASA-WSTF laboratory tests of
single layer materials and flame/gas barrier
composites substantiated material selections
and evaluations by GAC. Table 2 presents the
summary of test results obtained on these
materials.

3. GAC Test Module Evaluation

The results of GAC’s qualification test program were not totally
conclusive regarding potential effects of temperature upon
packageability and deployment capabilities due to limitations
inherent in testing small two-dimensional samples. Therefore, a
cylindrically configured 3-foot-diameter, 5-foot-long structural test
module was fabricated:

a. The design operating pressure was 14.7 psi with
a safety factor of 3 (successfully
demonstrated).

b. Packaging attained an inflated ratio of 4:1,

c. The module demonstrated satisfactory deployment
characteristics in a vaccum environment at temp-
eratures as low as -30 degrees F. No structural
degradation was demonstrated during a 14.7 psi
proof pressure test following low-temperature
deployment.
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TABLE 2 SUMMARY OF TEST RESULTS OBTAINED ON MATERIALS SUPPLIED
TO NASA-WSTF FOR EVALUATION
UPWARD FLAME PROPAGATION RATE QOOR TEST (a)
THICKNESS FACTURER W (s) 100% OXYGEN AT €2 PSIA
ES MANU MAX. ALLOW. SCORE « 2.5
MATERIAL IN. OR SOURCE PROPAGA: - :
N A OBSERVATION
ﬂ?u/ss‘::TE ) ®) (©)
Mosites 1008 {b} Mosites Rubber 3.68 Bumed with erange flame e.2 0.1 0.9
Fluorel Adhesive 0.002 Company, Ing.
RL-3788 Fiversei (®) Raybestos 0.88 Bumed with erange flame 0.2 .3 1.3
Adhesive 0.002 Manhattan ine.
83677 Beta Fabric 6.007 d. P. Stevens 0.00 Melting In immediate sree 0.2 0.4 1.0
& Co., Ine. of igniter
Aclar 33¢ Fim 0.001 Altied Chemicsi 3.32 Burned with erange flame 0.3 0.4 0.8
Ce.
Mosites 1062-C 0.c50 Mosltes Rubber 0.390 Burned with erange flame 0.0 0.4 1.8
Fluorel Speonge Company, ins.
XPB-10 Compasite 0.088 Geodyesr Aere- 0.00 Falied to support sombus- 6.1 o.§ 1.8
spase Corp. tion
Kspton Flim 0.0008 E. . duPent do 3.59 Bumned with erenge flame 6.1 0.0 0.4
Nemowrs & Co., ine.
Lite Flex K23 c.78 Rex Asbeswerke e.00 Falled teo support combus- 0.2 0.3 1.2
Asbestos Foam Schablech Mail, tlen
West Germany
€-100-28 0.014 Hitee 0.00 Falied 10 suppert combue- 0.1 0.0 0.4
Refrasi tion
XPB-14A 0.070 Goodyoar Aore- e.00 Fualied to sustsin sombue- 0.2 0.4 1.2
Composite space Corp. ten
Al-4 White Se 1.00 Merrywenther $0.00 Burned with orange flame ‘0.2 0.4 1.4
Polyeater Foam Foam Latex Co.
AD 917 Viel (e) Goodyear Tire 2.73 Sumed with erange ftame 0.2 0.1 [ X |
Adhesive 0.002 & Rubber Co.
XPB-14A-1(d) Geeodyesar Asro-
Compesite 8.070 apase Corp.
i
CARBON (s) TOTAL (=) FLASH AND {a) oTA TGA usc
MONOXIDE, | ORGANICS, FIRE POINT TEMP. OF MAX. TEMP, OF TEMP. OF TEST
MATERIAL gmigm gmigm TEMPERATURE WT,
EXOTHERM, MAX. ENDO- | INITIAL WT. - REPCRT
MAX. ALLOWJMAX. ALLOW]  MIN. ALLOW. DEG. & -] enaNGE
25.0 100.0 430 DEG. F - THERM, Loss, - NUMBER
CES. € OEG. C
Mosites 1086 as 1.8 Nene te 216 dog. C. aso Nene 288 0.8 2300
Fiuorel Adhesive No visibie change
RL-3788 Fluerel 0.9 1.7 Nene 2301
Adhesive
81677 Beta Fadrie 1.3 0.4 None 10 218 deg. C »J318 Nene 280 0.7 2302
Aclar 330 Fium 1.3 13.0 None te 215 deg. © »318 210 »318 0.1 2303
Moeites 1062-C 0.8 13.0 None 10 315 deg. C. »338 Nene B0 1.1 2304
Fluorel Sponge No visible change
XPB-10 Composite 4.8 57,0 Nane. 10 315 deg. C. »318 None 248 1.2 2308
Neo visible change
Kapton Film 2.8 8.0 None 0 318 deg. C. »318 None [} 0.6 2349
No visinie shange
Lito Flex K20 4.3 16.0 None to XI5 deg. C. »318 Nene 78 3.8 23850
Asbestos Foem Ne visibie change
C-100-20 0.8 0.5 None to 218 deg. C. »318 "0 «28 4.8 2381
Retrasil Ne visible shange
XPB.14A 0.9 182.0 Nene to 318 deg. C. »318 Nene 160 1.1 2382
Compoesite Ne viaible ehange
A4 White Se e.8 1.8 Fiash Peint, 271 C a0 0 0 18.4 2383
Poiyeater Faam No fire point te 318
AD 817 Vitei 1.4 1987.0 Fiash Point, 271 € »318 Nene [ 1 [N ] 2384
Aahssive No tire ponnt te 315 &
XPB-14A-1(q) 1.3 18.0 3302
Comopesite

(a) Tested in scoerdance with MSC-D-NA-0002

() Appiied 10 one side of 0.001" thick awminum toil
(6) Aociied 10 two sides of 0.001° thick sluminum fol
(d) XPB-14A-1 Same se XPB.14A ssoeot pracessed lor

(A) 1-part sempie atmes. to 28-perts O

(8) 1-part sampie atmes. 10 S-pans O
(©)  No * livtion
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4, Micrometeoroid Protection

Micrometeoroid countermeasures rank with previously discussed
flammability safeguards as major crew safety concerns for space
structures. GAC selected flexible polyurethane foam as a
micrometeoroid barrier of preference for inflatable/deployable
structures based upon company-sponsored hypervelocity particle impact
tests conducted at Illinois Institute of Technology and tests
conducted at GAC’s RTD Dayton facility in the early 1960°’s.

a. Micrometeoroid Protection Material Candidates:

GAC~-sponsored research analyzed different
material characteristics applied to three-part
micrometeoroid protection systems consisting of
a bumper, a 2-inch thick spacer,and a
structural wall.

o Of nine candidates tested, Fiberglas cloth
was selected as the material of choice for a
bumper.

o Of candidates tested, flexible polyurethane
foam was selected as the material of choice
for a spacer.

o Of five candidates tested,
Dacron/polyurethane foam was selected as the
material of choice for a structural wall.

o Figure 1 presents types of materials tested
for micrometeoroid protection systems to be
used with inflatable or flexible structures
in space. These data can be used as a
starting point for additional tests of
materials alternatives for manned habitats,
hangars, and other applications.

b. Micrometeoroid Protection Test Conclusions:

As a result of hypervelocity tests (0.0045-gram
particles at 22,000 ft/sec and 0.005-gram part-
icles at 30,00 ft/sec), it was concluded that
flexible polyurethane foam of 1.2 pcf density
was eqivalent to a single sheet of aluminum of
15 times the mass per unit area. (Thus, a 2-
inch thickness of 1.2 pcf foam was considered
to be equivalent to an aluminum sheet 0.53 cm
thick [1.44 gm/cmi ] with respect to penetration
resistance.)
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1716 inch diameter steel
or 1/16 inch diameter pyrex

Bumper Spacer Struccural wall

Aluminum sheet Aluminum tTuss Aluminum sheec

Aluminum 2 panel luminum honeycamb Aluminum Z panel

Dacron/neozrene Rigid polyeurethane Dacron/butyl
foam

Dacron/bdutyl

) . Dacron/neoprene
Flexible synthetic

Polyeurethane T=cper Dacron/polyeurethane®
Mylar £ilm Flexible polyeure-

thane foam”
Mylar £ilm laminate

Rene 41 cloth

Fiberglas cloth”

®* Recommended materials

Reference: °“Effects of Hypervelocity Particle Impac:ts on
Composite Materials for Expandable Structures

Applications,® 2.W. Reynolds, Goodyear Aircraft
Corporaticn, Dayzon, Chio, 1962.

FIGURE 1 MATERIALS FOR MICROMETEORIDE PROTECTION
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o The density of the foam barrier was
increased in development studies from 1 to 2
1b/ft® to provide nonflammable material.
Increasing density did not increase particle
penetration barrier characteristics.

o A different type of barrier material was
recommended for the expandable rigidized
material concept. This applies a flexible
urethane mesh (Scott Foam 10 PP1) of 1.8
1b/ft3 density. The material can serve as a
basic mechanism for rigidizing structures as
well as a micrometeoroid barrier since the
mesh is an ideal substrate for impregnation
with gelatin resin. (The normally flexible
mesh material when impregnated, may be
rigidized by vacuum curing of the resin.)

0 Additional tests will need to be made on
represensative materials with and without
rigidization to determine resistance to
penetration by micrometeoroids and space
debris.

5. Spacelab Transfer Tunnel Tests
GAC conducted leak tests on the Spacelab-Shuttle transfer tunnel:

a. The flex element material (XA30A553) was
examined to ensure that the two plies of each
material were completely bonded together and
that no residual MEK was trapped in the
elastomer. (No irregularities, no debonds, no
blisters were noted before, or after the
specimen tests.)

b. Zero permeability was measured for the
materials over an extended period with helium
gas, indicating that the material leak rate was
less than 30 sccm for differential pressures
of 14.9 psi.



c. GAC had to determine whether the Shuttle flex
section leak test data met the specification
requirement that a 14.9 psi constant internal
pressure would not produce leakage exceeding
0.116 1b/day. The test was conducted allowing
the internal pressure to decrease with pressure
as a consequence of leakage while the
specification was for a leak rate at a constant
internal pressure of 14.9 psi. GAC developed a
mathematical model of the system as tested with
emphasis of the leakage process which permits
the pressure to decrease with time. GAC then
validated the model by comparing with the
measured test data.

6. Penetration Leakage Estimates

Analyses have been performed by GAC to determine how much time an
astronaut would have to find a puncture leak and repair it.

a. An extremely small hole of 0.003 inch diameter
would be very difficult to find, requiring 90
days for a 510-ft vehicle volume to leak down
from 11 psi to 8 psi. A considerably larger
hole of 0.10 inch diameter could probebly be found
by sound, requiring approximately two hours for
the same pressure decay. ( An astronaut should
still have adequate time to find and plug such
a leak before cabin pressure drops to a
dangerous level.)

7. Crack Propagation Prevention

GAC conducted a leak-before-burst test of the flex section of the
Spacelab Transfer Tunnel to determine whether it was stable under
limit conditions with readily detectable damage. Similar tests must
be conducted to verify crack propagation containment in other safety-
critical inflatable/flexible space structure applications. The
intentionally induced parallel and perpendicular yarn cuts did not
grow or leak significantly when raised to 15.9 psi.
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8. The following components and materials were tested by GAC for
space applications:

A. 1-Person Expandable Airlock (Figure 2)

Project Design, fabrication, and evaluation
of a l-person expandable airlock 4
feet in diameter, 7 feet long
that could be stored in a minimum
volume condition when not in use.

Sponsor/ NASA-LRC; Prototype constructed
Contractor by Whittaker

Construction
The airlock structure consisted
of polyester cords and fiber
glass rings to carry the long-
itudinal and circumferential
loads, respectively. A fiber
glass dome containing valves for
pressure equalization formed the
hatch cover. A motor-driven
mechanism was used to retract
the airlock into the packaged
configuration.

Package Size A deployed-to-retracted pack-
aging ratio of 4:1 was achieved.
This might have been improved by
reducing the stiffness of the
wall cross section and by apply-
ing translation plus rotation
packaging used for Moby Dick.

Weight 213 pounds total, including 61
pounds for the retraction
mechanism.

Pressurization 10 psi design pressure with
a safety factor of 5; tested at
29.4 psi.

Conclusions 1-Person Expandable Airlock
material is a good candidate for
POWER tunnel material. However,
requirements for extended use of
such materials in space will in-
volve additional factors such as
fatigue and hot/cold temperature
extremes which will greatly
change the final design of
tunnel material.

10



FIGURE 2

1-PERSON EXPANDABLE AIRLOCK
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B.Spacelab Transfer Tunnel (Figure 3)

Project

Sponsor/
Contractor

Construction

Package Size

Weight

Conclusions

Design, fabrication, and evaluation
of a 4 foot diameter flex section for
the transfer tunnel between the
Shuttle crew cabin and Spacelab
module to minimize interface section
loads resulting from axial, lateral,
torsional, and rotational displace-
ments caused by installation, thermal
gradients and maneuvering.

NASA-MSFC; prototype constructed by
GAC under a subcontract with
McDonnell Douglas Technical Services
Company (MDTSCO)

Flexible elements consist of 2 plies
of Nomex unidirectional cloth fabric
coated with Viton B-50 elastomer.
The fabric plies were wrapped around
steel beads made from 51 continuous
wraps of 0.037 inch diameter wire
with fillets added to the outer dia-
meters to ensure a smooth transition.
Debris shields constructed of Kevlar
29 protected the flexible elements
from falling debris.

The 170.5 inch length compressed to
20.5 inches.

Total 756 pounds included the flex-
ible structure, bladder, micrometeoroid
blanket, rings, pulley and cables.

Spacelab Transfer Tunnel material is
a very good candidate for POWER
tunnel material. Reliability of this
material can be further increased by
the use of higher order Kevlar
presently available. {(Kevlar 49)

12



SPACELAB TRANSFER TUNNEL

FIGURE 3
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C. Nomex/Viton B-50 Flexible Construction (Figure 4)

GAC qualified a flexible fabric consisting of Nomex
unidirectional cloth coated with Viton B-50
elastomer for use as an expandable tunnel to
connect the Shuttle crew cabin to the Spacelab
module. This material also has potential
applications for inflatable habitats.

o An even number of multiple layers of Nomex/
Viton B-50 qualified material are to be
laminated together until desired strength is
obtained.

o A flexible cable can serve as a bead to
assure structural integrity during
deployment and fully inflated operational
conditions. (This approach has been
effectively used to eliminate pressure
leaks.)

o A film can be attached to the rigid surface
inboard of the bead section to eliminate a
potential leakage path of the bead.
(Pressure inside the habitat can aid the
film in its sealing action.)

o Possible requirements for a foam micrometeoroid
layer should be determined by tests.

o A flame barrier (possibly comprised of an
aluminum foil layer) may or may not be
required in combination with the Nomex/Viton
B-50 material.

14



HABITAT INFLATABLE
SHELL MATERIAL/NO FOAM

PRESSURE BLADDER &

STRUCTURAL
LAYERS §;-THERMAL COATING
)
—_———
ALUMINUM FOIL LAYER

( FLAME BARRIER)

NOMEX/VITON PRCPERTIES
{(PER PLY AVERAGE VALUES)

Weight, after cure

Thickness, after cure

Strip Tensile s::enqih

Peel Adhesion, af:ier cure

1,074 1b/inch
46.13 oz/yd?
0.040 inch

29.7 1lb/inch

DETAIL WEZIGETS
OF INFLATABLZ MATERIAL

CONSTRUCTION

aved?

2

0Z/YARD
Aluminum Foil Layer 0.002 0.590
Adhesive 0.005 1.474
Structural Layers 1.370. 405
Adhesive 0.005 1,474
Thermal Coating 0.031 " | 9.139
Total 1.42 418

ORIGINAL PAGE 15
OE POOR QUALITY

FIGURE 4 NOMEX/VITON B-50 FLEXIBLE CONSTRUCTION
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D. Kevlar 29 Flexible Construction (Figure 5)

Kevlar 29, a textile fiber, offers an attractive
alternative to Nomex/Viton for expandable tunnel
and habitable module construction. The material is
stronger than stainless steel, comparable in weight
to nylon and dacron, and has higher temperature
limits than Nomex. GAC proposes a 4-layer
laminated construction approach:

o

Note:

Unstressed inner layers of nylon fabric,
capran film, EPT closed cell foam and
aluminum foil can comprise a pressure
bladder.

Kevlar 29 can be used for a structural layer
to carry transmitted pressure loads. (See Note)

Polyurethane foam laminated to a layer of
nylon fabric can provide a micrometeoroid
barrier to prevent penetration of the
bladder by high velocity particles.

An outer cover made of nylon fabric
laminated to layers of capran film can
provide a micrometeoroid bumper that also
serves as a cover encapsulating the system
surface and thermal control.

Alternatively, an outer cover comprised of
multiple layered aluminized mylar sheets
separated by fabric netting might be used
for passive thermal control in the space
environment.

Kevlar 49 is an improved Kevlar material
and would be used in lieu of Kevlar 29.

16



NYLON FABRIC
CAPRAN (NYLON) FILM

CAPRAN FILM

OUTER COVER

FIBER B FAZRIC

POLYURETHANE FOAM

{

NYLON FABRIC

MICROMETEOROID SHIELD

7

NYLCN FASRIC
CAPRAN FILM
CAPRAN FILM

STRUCTURAL LAYER

EPT CLOSED
CELL FoAM

CAPRAN FILM

~—CAPRAN FILM
NYLON FASRIC
ALUMINUM FOIL

PRESSURE BLADDER

FIGCRE 5 KEVLAR 29 FLEXIBLE CONSTRUCTION

17



Appendix #2

Task #2

HOST Power Requirements



-l S B A GE B O S AR S R h G I BB aE I E e

Tue, Dec 8, 1987 H.O.S.T. Power Requirements Page 1

H.O.S.T. Power Requirements
e Actuator

The H.O.S.T. actuator selected for this analysis has the following

characteristics:
59.0274 in. length closed
93.5133 in. length extended
34.4859 in. extension length

The angle between the plane of the table and the actuator:
10 deg. closed
51.565 deg. extended

The force capability of the actuator is 1000 1bf along the actuator.
The actual force applied normal to the tables direction of motion is

173.6 Ibf at 10 deg.

783.3 Ibf at 51.6 deg.
The power required for the actuator and its speed of operation is a
function of the load applied to the table. If we allow a table force greater
than that at 10 deg. to be applied to the table then it will stall.
Therefore the maximum force per actuator is 173.6 1bf or 1041.6 Ibf for
the table. This results in the following forces on the actuators

1000 1bf at 10 deg.

221.7 1bf at 51.6 deg.
The force varies as the inverse of the sine of the angle.
The following functions represent the velocity of the actuator and the
current requirements for the actuator as a function of load

L = axial load on actuator (Ibf)

i = motor current of actuator (amps)

v = actuator axial velocity (in/sec)

i=3.5 +0.0035*L **
v=0.6- 0.0002*L, **

[** Derived from Warner Electric, Electrak 10 Data sheet 7/86 ]

These functions were used to determine the overall power requirements
for the actuators.

¢ Power Controller '
The power control function will be performed by individual power
controllers on each actuator and connected to a microprocessor
controlled interface on each table. Commands will be sent from the
command computer in the capsule to the tables via a data buss. The
controllers will be designed around an H configuration of Power Metal
Oxide Semiconductor Field Effect Transistors (MOSFET). The average
efficiency of these controllers is 92.5% and the current requirements for
the circuitry is 100 milliamps per motor. At 24 volts supply voltage the
power required per motor is 2.4 watts.

Tue, Dec 8, 1987 H.O.S.T. Power Requirements Page 1
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¢ Power Buss
For simplicity the power buss is assumed to be 10% longer than the
distance between tables , 55 meter or 180.4 ft for the total extension. The
buss was assumed to consist of the equivalent of 6 gauge silver coated
copper wire. It is assumed that the tables are connected in parallel to
the buss and only have the losses associated with the distance of the
table from the station. ie. the first table's losses are due to 14.4 ft of cable
while the last table's losses are due to 361 ft of cable.

¢ Power Requirements
The power required to fully extend an actuator was computed using the
functions described above. Next the power controller efficiency was
applied and then the controller power requirements. This resulted in a
total power requirement for each actuator.

amps watts

4.63 111.21 actuator

0.38 9.02 controller efficiency losses
0.10 240 controller

511 122.63 total power per actuator

The time required for full extension of an actuator is 64.33 sec.
We will assume that only one table at a time is powered. Therefore the
time required for a full extension or retraction is 1608.25 sec or 26.8 min.

The total power losses in the power buss is 1848.06 watts of full
extension or retraction and varies from 5.69 watts loss at the first table
to 142.16 watts at the last table with an average loss of 73.92 watts per
table.

The total power required for the extension or retraction of a single table
is 735.78 watts and adding the maximum loss for a table of 142.16 watts,
the maximum power requirement at any instant is 877.94 watts or a
current of 36.6 amps .

If we multiply the power required for a single table times its operational
time we get the energy requirements for a full extension or retraction of
H.O.S.T.

877.94 watts * 64.33 sec = 56477.88 watt-sec

56477.88 watt-sec * 25 tables = 1411947.00 watt-sec

1411947.00 watt-sec /3600 sec/hr = 392.21 watt-hr

Tue, Dec 8, 1987 Power Buss Page 2
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Appendix #3

Task #3

Assessment of Existing EVA Suit/MMU ECLSS for HOST
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POD - ECLSS
ECLSS General Description

1.0 The POD Environmental Control and Life Support System (ECLSS)
provides for a single individual for up to 8 hours. The pod ECLSS
must be replenished between operations. A 16 hour contingency backup
system has been provided. The system maintains the pod cabin
atmosphere’s temperature, humidity, pressure and provides control of
atmospheric composition. The pod ECLSS also provides air cooling of
the internal avionics and the detection and suppression of fires.

To minimize cost, the pod ECLSS has been designed to be compatible and
common with the space station ECLSS where practical or has utilized
off the shelf hardware from either the Spacelab/Shuttle programs or
from the EVA program. The baseline ECLSS is shown in Figure 1.

Sizing data for the ECLSS hardware and Thermal Control Subsystem is
provided in the back of this section.

The pod ECLSS is composed of 5 subsystems including the Temperature
and Humidity Control (THC), Atmosphere Control and Supply (ASC),
Atmosphere Revitalization (AR), Fire Detection and Suppression (FDS),
and Water Recovery and Management (WRM). Unlike the station ECLSS,
only temporary urine collection and no EVA support facilities are
provided. Summaries of the ECLSS mass, volume and power are shown in
Figure 2.

1.1 Temperature and Humidity Control (THC)

The THC subsystem provides for the control of the pod temperature,
humidity, and ventilation and provides air cooling for the internal
avionics. A conductive mounting structure to mount a thermos for the
crew drink is also provided. The pod cabin air temperature will be
selectable and controlled within +/- 2 deg F of the set point.

1.2 Atmophere Control and Supply (ASC)

The pod ACS subsystem provides total pressure control within the pod
housing. This subsystem includes the oxygen supply subsystem and the
vent and relief assemblies. No nitrogen supply is provided due to the
1imited time the pod is occupied. Leakage makeup is from the oxygen

supply only.
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1.3 Atmosphere Revitalization

The AR subsystem provides for the removal and collection of metabolic
carbon dioxide. The baseline system is a non-regenerable LiOH
collection system. The baseline is derived from technology that is
available off the shelf but alternate designs are presented which will
allow the collection of the Carbon Dioxide for recovery in the Space
Station. Trace contaminants are controlled by charcoal beds. No
trace contamination monitoring is provided. The systems is designed
to allow the entire pod atmosphere to be replaced during periods
attached to the Station.

1.4 Fire Detection and Suppression (FDS)

The FDS subsystem consists of fixed hardware to detect and suppress
fires in the avionics subsystems. A portable fire suppression device
is also provided. A fire mask is provided within easy reach of the
crew to allow the crew to breath after the halogen has been released
until the pod can return to the station.

1.5 Water Recovery and Management (WRM)

The pod WRM provides for the collection of urine and condensate during
the 8 hour operations for recovery in the station. No water quality
monitoring is provided. Potable water is obtained from the station
supplies and is stored in portable thermos for use by the crew.

]
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2.1 System Design Loads

The pod ECLSS is sized for the Design loads and respirable Atmosphere

requirements shown below:

General :

Number of crew 1

Resupply interval 8 hours

THC

Sweat and respiration water .17 1bm/man-hr
Metabolic and Sensible Heat 467.0 Btu/man-hr
Hygiene Latent water 0.04 1bm/man-hr
ACS

Atmosphere Leakage 0.05 1bm/day

Air volume 221 ft**3

AR

Metabolic Oxygen 1.84 1bm/man-day
Metabolic Carbon Dioxide 2.20 1bm/man-day
FDS

T8D

WRM

Potable water (drink) 1.0 1bm/8 hr
Metabolic water 0.03 1bm/8 hr
Urine water 3.31 1bm/8 hr

Pod Respirable Atmosphere Requirements

Parameter Units Operational
ppCO2 mmHg 3.0
Temperature deg F 65-80
Dew point deg F 40-60
Ventilation ft/min 15-40
Total Pressure psia 14.7+/- TBD
pp02 psia 2.83-3.35

4

Emergency

12

60-85
35-70
10-200
14.7 +/-
2.3-3.45
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SYSTEM MASS, VOLUME AND POWER SUMMARIES FOR BASELINE ECLSS

Figure 2
[ COMPONENT SYSTEM TQTAL |
| WEIGHT VOLUME  POWER WEIGHT VOLUME  POWER |
| 18M F13 WATTS LBM 13 WATTS |
|FAN ASSEMBLY |
| CABIN/AVIOICS FAN 43.00 NA 122.00  43.00  NA 122.00 |

21.00 1.80  0.00 21.00  1.80  0.00 |
[
|

| CABIN FAN ASSEMBLY

|
|CO2/HUMIDITY CONTROL .
| - ASSEMBLY 25.00 4.20 5.00 25.00 4.20 5.00 |

[

I

|

[

!

!

I

{

I

[ CARTRIDGE | 650 WA 0.00 19.50 WA 0.00 |

I [ I

|CONDENSING X | 2000 1.70 0.00 2000 1.70  0.00 |

I [ I

[WATER SEPARATOR | 1.0 0.80 20.00 1.00 0.80 20.00 |

[ [ [

| CONDENSATE ACCUMULATOR | 10.00 030 0.0 10.00 0.30  0.00 |
l
I
|
l

[PLUMBING + DUCTING (20%)
|
|[ATMOSPHERE SUPPLY AND CONTROL
| OXYGEN TANK

| 02 VALVE and ELECTRONICS

| PRESSURE RELIEF

|  PLUMBING (15X TOTAL)

|
[WATER/URINE RECOVERY

| URINE TANK

|  THERMOS (POTABLE DRINK)
|
]ECLSS TOTALS

]
|
[
|
I
|
|
!
!
l
I I
I
[
I
!
I
|
!
!
I
|
I
l

27.90 1.76 0.00 30.50 1.76

6.00 0.50 0.00 6.00 0.50 0.00 |
2.00 0.01 15.00 2.00 0.01 15.00 |
2.00 0.01 5.00 2.00 0.01 5.00 |
1.50 0.08 1.50 0.08

— ——— a——

20.09 0.10 0.00 20.00 0.10 0.00 |
2.Co 0.02 0.00 2.00 0.02 0.00 |

200.90 11.28 167.00 216.50 11.28 167.00 |

I
|POD THERMAL CONTROL SYSTEM

[
I
!
I |
| WATER PUMP PK 45.00 1,30  66.00 45.00  1.30  66.00 |
I [
| BODY MOUNTED RADIATOR 63.00 33.00 43.00 33.00 |
I I
| PLUMBING (20%) 17.60 6.86 17.60 6.8 |’
|

| THERMAL CONTROL TQTAL

I
[ToTaL

105.40 41.16  66.00 105.40 41.16 66.00 |

306.50 52.44 233.00 322.10 52.44 233.00 |
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Pod Temperature Control System
3.1 Pod Temperature Control System (TCS)

The pod TCS is composed of an Active Thermal Control system (ATCS)
and a Passive Thermal Control System (PTCS). The ATCS collects,
transports and rejects waste heat from the pod. The ATCS has been
designed to be compatible and common with the station where
practical. The PTCS is designed to isolate the pod internal
atmosphere from the external environment while minimizing the
supplemental heating requirements. i

3.1.1 Active Thermal Control Subsystem (ATCS)

The baseline ATCS consists a pumped water loop which rejects the
heat through a large Body Mounted Radiator (BMR). The BMR is
mounted on a connecting structure and utilizes hardware derived from
the Space Station program. An alternate design is provided which
utilizes a vapor compression cycle heat pump to reduce radiator
area. Figure 3 presents the baseline system.

3.1.2 Passive Thermal Control Subsystem (PTCS)

The pod PTCS uses station developed construction techniques and
consists of high quality insulation and surface coatings to minimize
the heat gain or loss from the orbital environment. The baseline
system uses MultiLayer Insulation (MLI) under a meteowniod shield.

3.2 Alternate Heat Rejection Subsystems

The heat exchanger portion of the baseline system is shown in Figure
3. Its advantage is the use of compatible space station hardware
and has low power consumption. The drawback is that it requires a
large radiator area. Since the POD does not have sufficient area
for the baseline radiator, a connecting structure is included
between the POD and truss to mount the radiators.

A slight decrease in radiator area can be obtained using Shuttle
derived hardware (freon loop with single phase radiator, figure 4).
However, the power requirement increases and does not provide
radiator reduction. A third alternative (Figure 5) would reduce the
radiator area requirement by approximately 70% (140 to 40 ft**2)
which might eliminate the requirement for any extra POD truss
structure for radiator mounting. This approach provides a more
flexible design and reduced system weight, but with a more complex
and new component development as well as higher power requirements.

4.1 Alternate POD Lower Pressure System

A brief examination was made of a low pressure system for the POD
(Figure 6), but the additional hardware, Oxygen resupply and
operational impacts led to selection of the baseline system that
uses the standard 14.7 PSIA Space Station pressure.
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Advanced ECLSS Options

A considerable amount of R & D work is now going on for the ECLS
systems for both the station and the EVA suit. The work includes
replacing the expendable LiOH system with a regenerative systems.
This will allow the recovery of the carbon dioxide for processing by
the station systems. The advanced ECLSS concepts were not included
in the baseline because they are not available at present. In fact
there is a considerable amount of competition going on between two
systems and neither appears to a clear winner. Two possible
approaches are shown in Figures 7 and 8 respectively. The first
approach (Figure 7) uses a solid amine, in this case WA-21, to
absorb the carbon dioxide. The amine will absorb water vapor in the
process thereby eliminating the condensing heat exchanger. The
regeneration hardware would be on board the station. The diagram
shows a removable Carbon Dioxide/Humidity absorber which would be
changed out between excursions. The crew time required would be
similar to that required by the LiOH system.

Figure 8 shows an Electrochemical approach in which the carbon
dioxide is absorbed into a aqueous alkaline absorbent. Moisture is
absorbed into the absorbent due the partial pressure difference
between the solution and the cabin air. The figure shows Quick
Disconnects (QD) which are used to replace the alkaline absorbent
between excursions.

The advanced systems are compared for mass volume and power
requirements in the attached table. The new systems reduce the
complexity of the systems somewhat and do allow the recovery of the
metabolic products, but the baseline system appears to be
competitive when considering the power penalties for the
regeneration. Both of these systems are now being bread boarded for
the EVA suits and development is continuing. The units will perform
as required and the final choice of the pod ECLSS will probably be
driven by the availability of these units.

11
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ADVANCED ECLSS CONCEPT SUMMARIES

LIOH
WEIGHT (LBM) 6.50
VOLUME (FT**3) 0.17 -
POWER (WATTS) 3.50
RESUPPLY WEIGHT (LBM) 195.00
VOLUME (FT**3) 5.10
REGENERATION

WEIGHT (LBM) 0.00

VOLUME (FT**3) 0.00

POWER (WATTS) 0.00
CREW TIME (MINUTES)

REPLACE 5.00

REGENERATE 0.00

14

SOLID AMINE ELECTROCHEMICAL

73.00 83.00
1.10 1.00
3.50 1.50

22.00 10.00
0.33 0.20

70.00 93.00
2.00 3.10

1200.00 1280.00

5.0
3.0

.00

0
0 .00

w o,
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ECLSS Hardware Sizing and Ferformance

Hardware Sizing and Design Loads

Hardware sizing and performance are based on Spacelab data
and has been derived from Spacelab assemblies where possible.
In some cases the hardware is derived from Shuttle EVA
equipment. Most components are aoff the shelf items. The
cabin fan and Carbon Dioxide control assemblies will be
scaled down from Shuttle/Spacelab hardware.

Design Loads For Thermal Cantrol Systems

Component Watts
Avionics 700
ECLS 240
Environmental Gain {(Loss) 100 (~-150)
Metaboclic 137

15
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2.0 Cabin Fan

A redundant fan assembly is required. Loss of cabin
temperature control and avionics thermal control coculd
produce a life threating situation. The fan is scaled between
the IMU fan and the Spacelab Avionics fan. The volume is
included in the Cabin Fan assembly.

Fan Characteristics

Flow . S50 lbm/hr
Fower 122 watts maux
Weight 43.01bm

Cabin Fan Assembly

Cabin fan assembly includes mounting provisions for the air
filter and Carbon Dioxide sensor. Frovisions for a redundant
fan assembly is assumed and weight includes check
valves.

Fower (fan)
Weight 21 1lbm
Volume 1.8 ft*x3

Carbon Dioxide Control Ascembly

The Carbon Dicxide Control Assembly is Spacelab derived and
includes provisions for 2 installed LiOH cartridges of which
one i1s the backup for contingency ocperations. An additiconal
on board spare provides the 16 hour contingency. Ths
assembly includes the temperature control value.

Fower (contrcllsrs) S watts
Weight 25 1b
Volume 4.2 ft*x

4.0 Carbon Dioxide Abosrber Elsments

One unit is replaced for every 8 hours of operation.

Two spare units are in the FOD for contingency. The
cartridges contain LiCH plus charcoal and potassium
permanganate to control trace contaminmant levels in the FGD.

Weight 6.2 1b
Vaolume 1.17 ft*x3

16
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S.0 Condensing Heat Exchanger

Spacelab/Shuttle derived but approximately S0% smaller.

Weight 20 lbm
Volume 1.7 ft#*%3

6.0 Water Separator Assembly : -

Spacelab derived; approximately S0% smaller includes rotary
separator. The EVA units are appropriate for this
application but sizing data was not available for this

xercise and were estimated from Spacelab data.

Fower 20 watts
Weight 14 lbm
Volume 0.8 ft*x3

Condensate Accumulator

Aluminum outer shell with internal steel bellows; capacity
is 1.0 1lbs. Nitrogen pressure from the station is used to
expell the condensate into station recovery svstems.

Weight 10 lbs (dry)
Valume 0.3 ft*%3

Ovvygen Supply Tank

Spherical pressure vessel with an Inconnsl liner and a
Fevlar/Epory compaosite overwrap liner. Tank capacity i€ 2
lbs which is approximately T times the reguirement to account
tor ullage.

Weight 6 lbs
Volume 1.5 ft*xT

Urine Ccllection Tank

Same construction as caondensate accumulator. A charcoal
filter is required on the vent to cabin toc prevent odar fraom
escaping.

Weight 20 1lbs
Volume 1 FrexZ
17
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10.3 Atmospheric Control and Supply Subsystem

11.

O

This hardware is derived from EVA eguipment which utilizes a
pure oxygen supply system. The pressure relief assemblies
are scaled from Spacelab/Shuttle hardware.

Fower 20 watts
Weight S 1lbs
Volume 0.3 ft#=3

Thermal Control

Water pump package - mounted internal to FOD cabin and
includes accumulator: design flow is 450 to S00 lbm/hr.

Fower &6 watts
Weight 45 1b
Volume 1.3 ftxs=3

Body Mounted Radiator

Station derived hardware with 128 w/m**2 of heat rejection
at 1.59 ks/m*%2 weight. BMR is sized for 4500 BTU/hr (13183
watts) '

Area 12.2 m**2 (131.3 ftexD)
Weight 19.4 kg (43 1lbs)

Space Radiator coocling with 2 phasze radiator and heat pipe
gefficiency = 6.90

18
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Fassive Thermal Design Option

A cold biased passive design to maintain the FOD thermal
environment was examined for feasibility. The results indicated
that for nominal conditions with the proper optical coatings on
the FOD external surfaces a pure passive design is feasible. The
test case used to evaluate the passive design was a sphere with
absorptance of 0.20 and an emmittance of 0.90. A case with
higher absorptances was also examined. The POD temperature was
assumed to be uniform 70 deg F. The uniform surface temperature
‘could be obtained by placing heat pipes arcund the circumference
of the FOD. This would eliminate the large gradients which
would accur if no means of distributing the heat is provided.
The sink temperature or mean radiant environment was assumed to
be -85 deg F. This is a practical design value which does not
take into account the actual geometery of the station and
orbital position. The estimated net heat gained and or lcst is
presented in Figure 9 faor all three cases examined.

While the passive design can be developed for nominal conditions
it requires heaters to maintain the environment dwuring cold
orientations The hot conditions indicated that the environment
could not be maintained since there is a net gain of heat frcm
the environment.

There are other pratical considerations to eliminating a passive
thermal design including: & passive thermal control would
reguire designing for ma:ximum heat loads including metabolic
loads (which can exceed &20 watts under high stress conditiorns).
This forces the design to accommodate at least 1600 watts and
would then require heaters to maintain the FOD environment
during nominal crientaticns and would increase the amount of
heater power required during the cold orientation. & seccond
problem is long term expcsure to atomic oxygen and ultravic
radiation which will degrade the optical properties. This w:il
force the surfaces to be periodically regenerated. A third
consideration is the thermal control of the FOD dwring storags.
Curing these periocds the equipment will rniot be powered but
heasters would still be rsqguired to maintain the FOD sguipment
and to ensure condensation does not cccur. Final determinatior
of & pure passive design will require extensive analysis and
will probably result in coeraticonal constraints to avoid high
heat load conditions. Therefore an active design was chosan &
the baseline since this allows the greatest flexibility for the
FOD.
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POD PASSIVE THERMAL CONTROL DESIGN

ASSUMPTIONS

1) MEAN RADIANT ENVIRONMENT TEMPERATURE -85 DEG F

2) REALISTIC E=0.9, ALPHA = 0.2 POLISHED ALUMINUM SURFACE
WHITE CHEMGLAZE ALPHA= 0.2 WILL DEGRADE DUE TO
ULTRAVIOLET / ATOMIC OXYGEN EXPOSURE

3) SOLAR CONSTANT 429 BTU/HR FT**2 NOMINAL; 444 BTU/HR FT**2 MAX
4) STEADY STATE
5) TOTAL SURFACE AREA 113 FT**2

NOMINAL

Q(SOLAR)= 1,420 WATTS (APLHA=.2)
Q(SOLAR)= 2,840 WATTS (APLHA=.4)

Q(SPACE)= -2,490 WATTS (E=0.90)
Q(SPACE)= -2,654 WATTS (E=0.96)

Q(NET)=Q(SOLAR)-Q(SPACE)

E=0.90 E=0.96
ALPHA
0.20 -1,070 -1,234
0.40 350 1,860

POD DESIGN HEAT LOAD IS 1000 WATTS PASSIVE DESIGN POSSIBLE
WITH LOW ABSORPTANCE, HIGH EMISSIVITY SURFACE

COLD CASE
Q(SOLAR) =0.0
Q(SPACE)= -2,430 (E=0.90)

E=0.90
ALPHA
0.20 -2,490
0.40 -2,490

HEAT LOSS TO SPACE CAN BE OFF-SET BY ELECTRICAL HEATERS

FIGURE 9
20



HOT CASE (VIEW FACTOR TO SPACE 0.50)

MAX SOLAR CONSTANT
Q(SOLAR)=1,470 (A=0.20) -; 2,940 (A=0.40)
Q(SPACE)= 1,245 (E=0.90) ; 1,327 (E=0.96)
Q(NET)
E=0.90 E=0.96
ALPHA
0.20 205 1,695
0.40 143 1,613

TOTAL HEAT REJECTION WOULD INCLUDE EQUIPMENT AND METABOLIC

CONCLUSIONS

PASSIVE DESIGN NOT PRACTICAL
OTHER ISSUES
- TOUCH TEMPERATURES (40 TO 113 DEG F)

- THERMAL GRADIENTS ARE AN ISSURE WITHOUT HEAT PIPES
- METABOLIC LOADS CAN VARY 100%

FIGURE 9 CONTINUED

21
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Appendix #4

Task #4

Assessment of Crew Compatibility



CREW STATION ANALYSIS

HUMAN OCCUPIED SPACE TELEOPERATOR
HOST

The control pod crew station contains the controls and displays for
undocking/docking the pod, directing the pod to its work area,
operating the robot arms, managing the ECLSS system and the
associated caution and warning displays for these systems. Foot
retraints are provided at the workstation. Depending on the type of
robot arm selected, some additional type of restraint such as a waist
belt may also be necessary.

It is expected that hand controllers of the type chosen for the
Station Remote Manipulator will be used to control pod motion. The
capability for automatic positioning of the pod at the work area
under computer control as well as manual operation would be

included. The ability to interrupt any automatic sequence would also
be provided. It is anticipated that it may be valuable to be able to
freeze the lower sections of the tables from further movement while
still flying the pod to a work area. If feasible, selection of these
points would be provided. A backup method of driving the tables in
the event of failure in the primary command system is to be examined.

The robot arm controls would be dependent on the type of arms
selected. No automatic control systems are envisioned for the arms.
A secondary method for releasing an arm from any grasped object or
jettison of the affected end effector would be provided.

For returning to the docked position, automatic capability is
planned. This would limit work site activities to those that would
introduce no new structure over or adjacent to the route of return.
For manual return to the docked position, either an auxiliary
workstation with direct viewing or video presentation of the return

route should be provided. In either case, command inputs must be co-

ordinated with the visual presentation so that no confusion on
up/down or right/left would exist.

Finally, support systems such as interior/exterior lighting, station
communications, and a Space Station type caution and warning system
would be parts of the POD crew operational systems.

Figure 1 shows the major activities to be performed by the crew on a
typical series of HOST operations.
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MISSION SCENARIO ORIGINAL PAGE IS

(Figure 1) OQE POOR QUALITY

SPACE STATION

[10ST

Verify electrical power status of HOST system
Obtain fresh lithium hydroxide cannister for pod
Translate to HOST docking station

Verify control pod internal pressure satisfactory

Open Space Station docking hatch

CONTROL POD

Install fresh lithium hydroxide cannister in pod FECLSS
Turn on HOST power

Activate pod communications system and verify
Activate pod ECLSS system

Verify correct operation of pod ECLSS system
Verify correct operation of HOST control systenm
Verify correct operation of HOST robot arm system
Verify correct operation of HOST lighting system
Close Space Station hatch

Close pod hatch

Depress docking station

Perform leak check on docking station hatches

Undock !IOST from docking station

Translate [OST to external spares storage area
Unstow robot arms

Select end effectors for maintenance task



ORIGINAT
Select replacement LRU OF POOR Ql:?AiI;:Tl;sr

Translate with LRU to exchange site

Exchange LRUs

Translate with bad LRU to down load storage area
Stow maintenance task end effectors

Stow robot arms

Translate HOST to structural assembly work area
Unstow robot arms

Select end effectors for assembly task and install
Perforin assembly task

Stow assembly task end effectors

Stow robot arms

Perform auto translation to docking area
Dock HOST

Verify docking latches engaged

Repress docking station

Perform docking station leak check
Equalize pod and docking station

Gpen pod hatch

Open Space Station hatch

Deactivate pod systems

Turn off pod power

Remove spent lithium hydroxide cannister

Exit pod



ORIGINAL PAGE IS
OF POOR QUALITY
SPACE STATION
Close space station docking hatch

Transfer spent lithium hydroxide cannister to storage

Verify [0ST deactivated



Appendix # 5

Conceptual Design Engineering Sketch
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